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Abstract
The use of wind power is in a period of rapid growth worldwide and wind energy systems have
emerged as a promising technology for utilizing offshore wind resources for the large scale
generation of electricity. Drawing upon the maturity of wind turbine and floater technologies
developed by the wind energy and oil and gas industries, respectively, large offshore wind energy
systems have been developed and are being proposed for operation in offshore areas where
environmental restrictions are Jess restrictive, large wind resources exist, and open sea areas are
available for wind farm development.
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A fully coupled dynamic analyslstechnique was developed to predict the response of a floating wind
turbine system in a stochastic wind and wave environment. This technique incorporated both non-
linear wave loading on the submerged floater and the aerodynamic loading on the wind turbine. A
tension leg spar buoy was designed to support the wind turbine. rhis design was chosen due to its
relatively small size and hence lower potential cost per wind turbine. The system's tethers were
attached to the ends of spokes which radiated out from the spar cylinder. This arrangement of lines
and spokes promised to be very stiff in the roll and pitch modes of motion.
The fully coupled analysis technique was used to evaluate the feasibility of the chosen floater design.:
Damping properties of the combined floater I wind turbine system were determined by conducting
simulated free decay tests for the different modes of motion and wind turbine operating conditions.
Numerical simulations for operational conditions were also carried out. The response of the floating
wind turbine to three different sets of environmental conditions was determined and compared to a
fixed base system. Additional simulations were conducted to determine extreme wind and wave
event response. Stiffness of the floating system in roll and pitch was found to be a desirable attribute.
The results of the analysis demonstrated that the tension leg spar buoy has the potential to support a




















I would first like to thank all of the people in industry who have helped me during this research.
Special thanks to Sandy Butterfield and Jason Jonkman at the National Wind Technology Center for
the assistance with the wind turbine design codes.
Secondly, I want to say how much I appreciate the help given· to me by Professor Paul Sclavounos.
As my thesis advisor, he provided a great source of advice and helped me to better understand how
the hydrodynamics portion of my work should be integrated into the whole. I would also thank the
members of my thesis committee: Professor Milgram, Professor Burke, Professor Orela, and Dr.
Kern. Their input and assistance during this research has been very valuable and is greatly
appreciated.
The United States Navy has been wonderful in allowing me to pursue my education here at the
Massachusetts Institute of Technology. This has been the experience of a lifetime.
And finally, I want to express my deep love and appreciation for my wife Paun and children Lauren,





Acknowledgements ; ; 3
Table ofContents ; 4
Table ofFigures : 6
List ofTables 8
Symbols 9
1 Introduction ; 10
1.1 Motivation ; 10
1.2 Previous Studies 11
1.3 Chosen Floater Design ; ; 12
1.4 Outline ofThesis 16
2 Wind Turbine ~ 17
2.1 Components , 17
2.1.1 Rotor ; 17
2.1.2 Drive Train 17
2.1.3 Nacelle 18
2.1.4 Generator 18
2.1.5 Tower and Foundation 18
2.1.6 Control System 19
2.1.7 Electrical Output System 19
2.2 Wind Turbine Output 19
2.3 Wind Environment ; 20
3 Problem Statement 22
3.1 Modes ofFloater Motion ; ' 23
3.2 Forces and Moments 24
3.2.1 Wind Turbine 24
3.2.2 Floater Wave Loading 25
3.3 Loading Conditions used for Analysis 27
4 Static Analysis ofFloater 30
5 Dynamic Analysis of Floater......................................................................................•................. 35
5.1 Coupled Surge and Pitch Analysis ; 38
5.1.1 Surge and Pitch Added Mass 38
5.1.2 Surge and Pitch Restoring Coefficients ; 39
5.2 Heave Analysis 40
5.2.1 Heave Inertia and Added Mass Coefficients ; 40
5.2.2 Heave Restoring Coefficient. 40
5.3 Yaw Motion ~ 41
5.3.1 Yaw Inertia and Added Mass Coefficients 41
5.3.2 Yaw Restoring Coefficient ,...................•....................................... 41
6 Hydrodynamic Loading 42
6.1 Interface ofHydrodynamic Loading Module with ADAMS .42
6.2 GI Taylor's Loading Approximation 42
6.2.1 Excitation Loads on Submerged Cylinders 43
6.2.2 Spoke Excitation Forces ...................................................................•.........; 45
6.3 Viscous Drag 46
6.3.1 Drag on Submerged Cylinders..................•.....................................................................46
4
•
•
•
•
•
•
•
".



















































































































































